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摘  要 
能源作为经济发展的重要投入要素，它对于中国经济发展和社会进步具有重
要的支撑作用。同时，作为环境污染物的重要来源，它的大量使用对全球气候变
化和生态环境的影响也越来越明显。中国已经是全球最大的能源消费国，同时也
是世界上最大的二氧化碳排放国。2014 年，中国能源消费总量是 42.6 亿吨标准
煤，大约占世界能源消费总量的四分之一。CO2 排放量为 9333.8 百万吨，约占
世界 CO2 排放量的 27%。2014 年，中国石油和天然气的对外依存度已经分别达
到 59.5%和 32.2%，并且呈现出逐年上升的趋势。目前，中国正处于全面建设和
谐社会和全面实现小康生活的关键时期，工业化、城镇化与农业现代化进程中能
源消费的刚性需求在短期内难以改变。同时，以煤炭为主的能源消费结构对环境
的影响也越来越明显，二氧化碳减排压力依然很大。 
进入本世纪以来，中国已经进入全面建设小康社会的关键时期，同时“三农”
问题也再次成为中国政府关注的重点领域。这期间，中国政府相继出台了一系列
支农惠农措施，使得人均机械装备的数量有了显著的增加，农业机械化水平也有
了显著的提高。可以预见，随着农业技术进步和农业机械化水平的提高，农业生
产过程中的能源消费和二氧化碳排放绝对数量在未来一段时间内必然有大幅度
的增长。2015 年，国家一号文件持续关注中国农业现代化建设，它提出了进一
步增加农业发展过程中的科技含量、提升农业可持续发展的能力并且努力推行资
源节约和环境友好的现代化农业发展方式。因此，结合中国农业发展现状和本人
的专业研究方向，本文主要试图研究以下几个方面的内容： 
1.基于农业生产中的能源消费和二氧化碳排放的影响因素，本文首先分析了
农业生产中的未来能源需求，探索不同节能情景下中国农业部门的节能潜力，进
而说明农业生产中能源使用效率有待提高，有必要对其效率水平进行科学评价。 
2.使用各种不同类型的数据包络分析方法测算中国农业生产中的能源效率、
二氧化碳排放效率以及系统综合效率，并进行不同地区的对比分析，根据估计结
果可以在理论上检验国家节能减排目标在农业部门的可行性。 
3.在测算能源效率、二氧化碳排放效率和系统综合效率的基础上，结合国家
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目前的节能减排要求，从农业生产中的要素替代角度分析中国农业的可持续发展
问题。 
根据本文的研究需要和本人的专业所限（能源经济学），本研究涉及到的能
源消费是与农业生产活动有关的能源消费，二氧化碳排放是与这些农业生产性的
能源消费有关的二氧化碳排放。因此，能源和二氧化碳讨论范围限定在农业生产
领域，不包括农户非生产性质的部分。在世界各个国家和地区日益重视资源利用
与环境发展的背景下，农业正在逐步向生态、高效和环境友好的现代农业方向发
展。中国作为一个传统的农业大国，在努力实现农业现代化的同时，全面考察农
业生产过程中的能源与碳排放效率，对于农业节能减排和农业可持续发展具有重
要意义。本文的研究方法对于其他行业的能源理论研究具有推广价值，相应的实
证结果对于农业部门的节能减排和可持续发展有一定的应用和参考价值。 
关键词：农业；能源效率；碳排放效率；替代效应；农业可持续发展
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Abstract 
Energy is the important foundation of the development of national economy and 
society in China. It can promote the improvement of the level of people's living 
quality, but its impacts on global warming and the degradation of ecological 
environment are becoming more and more obvious since it is also the emitter of 
environmental pollutants. China is now the world's largest energy consumer and CO2 
emitter. In 2014, the total energy consumption in China reached 4.26 billion tons, 
accounting for about a quarter of the world's total amount energy consumption. 
Meanwhile the CO2 emissions are 9.33billion tons, accounting for about 27% of the 
world's total amount energy consumption. China’s foreign dependence ratio of oil and 
gas respectively reached 59.5% and 32.2% according to BP 2015, showing a rising 
trend year by year.At present, China is in the critical period of building a harmonious 
and well-off society in an all-round way. The rigid demand of energy in the process of 
industrialization, urbanization and agricultural modernization is difficult to change in 
the short term. At the same time, the energy mix that the coal counts the vast majority 
influences the environment heavily, which cannot be ignored. 
Since the beginning of this century, China has entered the critical period of 
building a moderately prosperous society in an all-round way, and at the same time, 
"three agriculture" problem has once again become a national focus of the 
government. The Chinese government has issued a series of support measures that 
make the per capita number of machinery and equipment improve significantly, as 
well as for the agricultural mechanization level. Predictably, with the improvement of 
agricultural technology progress and agricultural mechanization, the absolute amount 
of agricultural energy consumption and CO2 emissions must have substantial growth 
in the future.The NO.1 Document issued in 2015 pays further attention to agricultural 
modernization. It put forward to increase agricultural science and technology content 
and promote agricultural sustainable development capacity and develop a resource 
saving and environment friendly modern agriculture. Therefore, this paper tries to 
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study the following issues:  
1. This paper tries to estimate the energy demand of China’s agricultural sector 
and meanwhile explores the energy energy-saving potential under different 
energy-saving scenarios. This indictes that China’s agriculture is in a low level of 
energy efficiency and it need to be given a scientific estimation and evaluation of it. 
2. Considering the heterogeneous production technology of China’s agriculture, 
this paper employ diffenrent meta-frontier DEA method to estimate energy efficiency, 
CO2 emission efficiency and comprehensive efficiency of China’s agricultural sector. 
Based on these empirical results, we can in theory verify the feasibility of energy 
conservation and emissions reduction targets in China’ agricultural sector. 
3. Based on the efficiency empirical findings, it tries to explore the agricultural 
sustainable development from the perspective of inter substitution among the input 
factors. 
Based on the research need and restrictions on major, energy consumption and 
CO2 emissions are those that are related to the agricultural activities. Hence they are 
only limited to the agricultural production filed, not include rural households which 
are not productive.Under the background that countries and regions of the world 
attaches increasingly great importance to the development of resource utilization and 
environment, world agriculture gradually develops in the direction of ecological, 
efficient and environmentally friendly modern forms.As an agricultural country, 
China is trying to realize agricultural modernization at the same time, so studying the 
efficiency of energy consumption and CO2 emissions, is of great significance for 
energy conservation and emissions reduction for agriculture in the process of 
promoting agricultural sustainable development. The research methods of this article 
has popularization value for energy theory study in other industry. The corresponding 
empirical results have a certain application and reference value for energy 
conservation and emissions reduction and sustainable development of agriculture. 
Keywords: agriculture; energy efficiency; CO2 emission efficiency; Substitution 
effect; agricultural sustainable development
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